Background The aim of this study was to investigate the association between obesity and prehypertension ( preHT) after adjustment for socioeconomic position and health behavior factors.
Introduction
Mortality due to cardiovascular disease (CVD) has increased worldwide over the past few decades. In Korea, mortality due to CVD per 100 000 individuals increased from 13.1 in 1995 to 38 Hypertension is a major risk factor for CVD and a major public health burden around the world. 2, 3 Obesity is also a well-known risk factor for CVD and hypertension is associated with obesity. 4, 5 The risk of developing hypertension over time was shown to be 2-fold higher in prehypertensive ( preHT) group than in a normotensive group. 6 PreHT is also associated with an increased risk of CVD, coronary artery disease (CAD), myocardial infarction 6 and stroke. 7 Several studies have shown an association between obesity and preHT, 8, 9 while others have revealed that socioeconomic position and health behaviors contribute to obesity. between preHT and obesity after adjusting for socioeconomic position and health behavior factors. Subjects who have preHT in the middle age are not only an economically active population presently, but will become part of the elderly population in the near future. The aim of this study was to investigate the association between obesity and preHT after adjustment for socioeconomic position and health behavior factors in middle-aged subjects, defined as those 45 -64 years of age.
Methods

Study sample
Data were collected from the 2005 KNHANES (Korea National Health and Nutrition Examination Survey) conducted by the Ministry of Health and Welfare of Korea. 12 The survey applied a stratified, multistage probability sampling design to the South Korean population using a two-stage, stratified, systematic sampling method. Clusters of households were selected within each district, and each cluster included an average of 20 -26 households. The health interview survey sample was conducted in 600 districts consisting of 13 345 households, of which 42 780 household members participated in the 2005 KNHANES. One out of every three health interview survey samples was selected, and the health behavior survey and health examinations were conducted on the selected samples. For the 2005 KNHANES, 25 487 people aged 19 years and older were interviewed from a 25 215-person sample (response rate: 98.9%). Of those, 902 men and 1071 women were 45 -64 years of age. The weighted samples for the 2005 KNHANES reflect the sampling fraction and non-response bias adjustments. The survey included three questionnaires including a health interview survey, a health behavior survey and a health examination.
The health interview questionnaire and health examination included the following variables. Age was divided into four levels: 45 -49, 50 -54, 55 -59 and 60 -64 years. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured after a subject had rested for 5 min in a sitting position. The average of three blood pressure measurements was used for data analysis. Blood samples were collected from the antecubital vein after overnight nothing per oral. Total cholesterol (TC), high density lipoprotein (HDL), triglyceride (TG), fasting blood sugar (FBS) and serum creatinine levels were measured using enzymatic or colorimetric methods. The estimated glomerular filtration rate (eGFR), which is a measure of kidney function, was found using a formula based on serum creatinine levels, age, . All participating medical institutions were equipped with standardized, high-quality laboratories that had internal and external quality control procedures authorized by the Korean Association of Laboratory Quality Control. Self-reported information on the presence of hypertension, type 2 diabetes mellitus and familial history of hypertension, as well as on education level, monthly household income, family size, smoking behavior, alcohol consumption and the amount of physical exercise per week were obtained from the interviews.
Blood pressure classification
PreHT was defined as SBP of 120 -139 mmHg and/or DBP of 80 -89 mmHg and hypertension was defined as SBP of !140 mmHg and/or DBP of !90 mmHg and/or active antihypertensive drug therapy. Normotension was defined as SBP of ,120 mmHg and DBP of ,80 mmHg without the use of antihypertensive medication.
Obesity
Waist circumference (WC) was measured at the narrowest point between the lowest rib and the top of the iliac crest. Abdominal obesity was defined as WC !90 cm for men and !80 cm for women (Asia-pacific guidelines for WC). 14 Body mass index (BMI) was calculated as weight in kilograms divided by the square of the height in meters. BMI obesity was defined as BMI !25.
15 Unless otherwise specified, the abdominal obesity referenced herein refers to obesity defined using WC and the BMI obesity refers to obesity defined using BMI.
Socioeconomic factors
The socioeconomic factors used in this study were education level and equivalent household monthly income. Education level was classified into three categories: (i) elementary school: elementary school or 6 years or less of schooling; (ii) middle/high school: middle school or 7 -12 years of schooling and (iii) college, university: college or .12 years of schooling. The equivalent household monthly income (equivalent income) was calculated using the method defined by the Organization for Economic Cooperation and Development, 16 which is
, where Y i is the ith household income, S i is the ith household family size and W ij is the equivalent income of the jth member in the ith household. Equivalent elasticity, 1, was set to 0.5, which is an equivalency of household size. Equivalent income was then calculated by dividing the obtained monthly household income by the square root of the family size. Equivalent income was categorized into three levels: low (,82), middle (82-143) and high (!144).
Health behavior factors
Subjects were identified as current smokers if they had smoked within 1 year of the survey date and as former smokers if they had not smoked for at least 1 year before the survey date. Alcohol consumption was calculated based on the number of alcoholic drinks and the amount of alcohol consumed per day, as reported on the health interview questionnaire. Bellentani et al. 17 considered alcohol consumption as 'severe' in amounts exceeding 30 g per day.
We used the same criteria in our study to divide the subjects into two groups based on their alcohol consumption: (i) .30 g, drinking .30 g per day and (ii) 30 g, drinking ,30 g per day. A moderate intensity of physical exercise was defined as 3 or more days of vigorous-intensity activity for at least 20 min per session based on Guidelines for Data Processing and analysis of the International Physical Activity Questionnaire. 18 
Statistical analyses
Differences in general characteristics, socioeconomic factors, health behavior factors and clinical data among the hypertension, preHT and normotension groups were analyzed using ANOVA with the Bonferroni method in multiple comparison tests for continuous variables and the x 2 test for categorical variables. The group-specific, age-adjusted prevalence of abdominal obesity and BMI obesity was calculated based on blood pressure classification with age adjustment using a direct method, with the estimated Korean population in 2005 as the reference. Multinomial logistic regression analysis was used to determine the association between obesity as the independent variable and preHT or hypertension as the dependent variable after adjustment for age, gender, TG and FBS levels, socioeconomic position and health behavior factors. All analyses applied sample weights proposed by the Korea Institute of Health and Social Affairs to estimate the nationwide prevalence. 12 
Results
As shown in Table 1 , 52.8% of the middle-aged sample was prehypertensive. People with preHT were more likely to be current smokers than those with hypertension and normotension (P , 0.001), people with hypertension had more severe alcohol consumption than those with preHT and normotension (P , 0.001) and people with normotension were in a lower income level than those with preHT and hypertension (P , 0.001). The mean values of WC, BMI, SBP, DBP, TG and FBS in people with preHT and hypertension were higher than in those with normotension (P , 0.001; Table 1 ).
As seen in Table 2 , the age-adjusted prevalence of abdominal obesity among subjects with preHT was 46.8% overall, 30.4% in males and 63.4% in females. The age-adjusted prevalence of BMI obesity among subjects with preHT was 42.5% overall, 39.5% in males and 44.7% in females.
The adjusted odds ratios (ORs) for abdominal obesity associated with preHT were 2.06 overall (95% confidence interval (CI): 1.64 -2.58), 1.76 in males (95% CI: 1.19 -2.60) and 2.04 in females (95% CI: 1.54 -2.71) and those for BMI obesity were 1.89 overall (95% CI: 1.52 -2.35), 2.07 in males (95% CI: 1.44 -2.99) and 1.70 in females (95% CI: 1.29 -2.25). After adjustment for potential confounders, preHT was found to be associated with both abdominal obesity and BMI obesity ( Table 2) .
In additional analysis, the proportion of subjects with a normal WC and BMI obesity was 20.3% overall (34.5% in males, 7.7% in females), and the proportion with no BMI obesity or abdominal obesity was 18.3% overall (9.1% in males, 27.9% in females).
We 
Discussion
Main findings
Our overall findings were that abdominal obesity and BMI obesity are highly associated with preHT. We also detected gender differences in the risk of preHT according to anthropometric obesity. ).
PREHYPERTENSION AND OBESITY
What is already known on this topic
The risk of preHT is significantly higher in subjects with abdominal obesity and BMI obesity, ranging from 1.71 to 2.26 times higher than in non-obese subjects. Abdominal obesity was associated with preHT in USA adults in the National Health and Nutrition Examination Surveys (NHANES) 1999 -2000, which also indicated racial/ethnic and gender differences in the relationship between abdominal obesity and preHT. 19 The association between PreHT and cardiovascular risk factors such as diabetes, 20 dyslipidemia including high triglyceride levels, 21 WC 22 and body weight 21 is strong. 23 What this study adds
The risks of preHT in abdominally obese females and BMI-obese males were significantly higher than in the nonobese subjects in the present study. This result is similar to several previous studies. The Swedish National March Cohort showed that BMI in men and WC in women better predict all-cause mortality. 24 A study of middle-aged Japanese subjects 25 and the 2002 China National Nutrition and Health Survey 26 showed that WC and BMI values can similarly predict the presence of multiple cardiovascular risk factors. Additionally, the Pilot Survey of the Fitness of Australians showed that abdominal obesity is more strongly associated with obesity-related health problems than adiposity measured by BMI. 27 However, BMI was a better predictor of cardiovascular disease and type 2 diabetes mellitus than WC in young and middle-aged Chinese women, 28 and BMI obesity was also a higher risk factor for preHT than WC obesity in a study of Korean residents over age 45. 22 Therefore, measurement of both WC and BMI may provide a better CVD risk evaluation than either BMI or WC alone.
The prevalence of preHT in middle-aged Koreans was 50% (Supplementary data, Fig. S1 ). The prevalence of preHT has been found to be .30% in Asian Indians over 25 years of age, 29 and 25% in Japanese over 19 years of age. 30 Other studies have shown the prevalence of preHT to be 20% in 35 -74-year-old Chinese, 31 29.6% in 30 -84-year-old North Indian adults 21 and 47% in rural Chinese adults over age 35. 32 The prevalence of preHT in the present study corresponds well with these earlier studies. The prevalence of preHT in Iranians in the 25 -65 years of age was shown to be 59.6% in men and 44.5% in women. 20 The NHANES IV conducted in 1999 and 2000 showed that the prevalence of preHT was lower in women than in men. 33 In this study, the preHT prevalence in Korean middle-aged women was found to be 46.3%, which is higher than that of women over age 45 (31.5%) in the Women's Health Study conducted from 1993 through 2004. 34 In summary, the prevalence of preHT has been shown to vary among nations and districts even within a nation, as well as by age group and gender. The factors which cause this variation include different structures of population, standard age for prevalence calculation and measurement methods for blood pressure among different countries.
Once diagnosed with hypertension, many individuals will try aggressive treatments or lifestyle modifications; however, when preHT has been recognized, most subjects tend to overlook the fact that it can progress to hypertension. Therefore, preHT subjects need to reduce sodium intake, lose weight and engage in regular physical activity, 35 although there is a debate with respect to whether drug treatment should be initiated in individuals with preHT, and if so, who should receive the treatment. 36, 37 While pharmacological therapy is indicated for some patients with preHT who have specific comorbidities, including diabetes mellitus, CKD and CAD, more studies are needed to determine the effects of pharmacological treatment on target organ damage and morbidity and mortality related to CVD. 23 BMI or abdominal obesity is associated with markedly higher prevalence of hypertension with age. The proportion of the population aged over 65 years in Korea exceeded 7% in 2001, indicating that Korea is an aging society. Middle-aged Korean adults with preHT require early intervention to lower their BP through lifestyle changes, as they are currently an economically active population and will be part of the elderly population in the near future. If these preHT subjects do not modify their lifestyles, the medical expense of comorbidities related to CVD will increase considerably. Evidence of this can be found in a recent report by the National Health Insurance Cooperation of Korea, which estimated that the cost of management of CVD and neurologic diseases has increased dramatically, from $1.9 billion in 2005 to $6.5 billion in 2009. 38 The medical costs of CVD and stroke in the USA were estimated to be $393.5 billion in 2005 39 and increased to $503.2 billion in 2010. 40 The Korean Ministry of Health and Welfare developed the second cardiocerebrovascular disease general health plan (2011 -2015) . The aim of the health plan is to reduce hospital mortality for myocardial infarction from 9.6% in 2007 to 8.7% in 2015. Korean cardiocerebrovascular disease prevention and control strategies in 2006 also included decreasing the prevalence of hypertension to 30.7% in 2009 and 25% in 2015. 41 Cardiocerebrovascular disease prevention and control strategy was constructed within chronic disease management part in the third National Health Promotion General Health Plan (HP2020) (2011 -2020). The project's contents are including (i) health education and promotion on public health such as quit smoking, physical activity and health diet, (ii) early detection for CVD patients; early detection of subjects who are preHT, preDM and/or borderline dyslipidemia and the proper management of patients who are HT, DM and/or dyslipidemia and (iii) HT, DM, dyslipidemia patients registry of primary, secondary and/or tertiary health-care institution to manage these diseases and prevent and/or make slow progress to CVD. It is the central figure to increase the secondary prevention rate for CVD through community-based chronic disease management system construction and enhance medical capabilities to prevent severe diseases with a catchment area based cardiocerebrovascular disease center for the tertiary prevention. 42 Worldwide aging trends predict the increasing prevalence of CVD. It is critical for aging and aged societies to put effort into the prevention of preHT, hypertension and obesity to manage CVD risk factors and the development and/or progression of CVD and to decrease CVD mortality. Primary preventive strategies such as effective health education, a well-balanced and low sodium diet, and physical exercises are able to reduce the CVD risk factors and the development of CVD.
Limitations and strengths of this study
There are several limitations to our study. First, it is difficult to explain causality between obesity and the development of preHT using a cross-sectional study design. Secondly, due to limited nutritional data, we could not investigate the effects of salt intake from foods. Therefore, this is an additional area where future research is necessary.
The strengths of this study include its excellent representation of the Korean population, as our data were taken from a randomized sample study with a high response rate (89.9%). Therefore, our results are applicable to the entire country of Korea.
Conclusion
PreHT is common in middle-aged adults in Korea. After adjustment for socioeconomic position and health behavior factor, PreHT is associated with obesity in middle-aged Korean adults. Therefore, it is necessary to manage and maintain health education, a well-balanced and low sodium diet and physical exercise to decrease HT prevalence, CVD prevalence and CVD mortality in Korea.
